Display-site selection by houbara bustards was studied in Mori, Xinjiang, China during the breeding seasons from April to June 2000. Most of the habitats chosen for displaying were short sub-shrubby and open areas close to high shrub patches. The displaying males clearly prefer low covered areas and avoid densely covered and high vegetation sites. The vegetation density and number of plant species at display sites were significantly lower from that at randomly selected sites. The average distance to the closest shrub patch was significantly shorter at display sites than at random sites. Plant species richness, vegetative density, vegetative cover and distance to the shrub patches are possibly the most important factors that determined the displaysites selection of houbara bustard.
Introduction
The houbara bustard (Chlamydotis undulata) is a medium-sized desert and semi-desert dwelling member of the Otididae. It is classified as Vulnerable by IUCN. The Asiatic form (Chlamydotis [undulata] macqueenii) ranges from the middle East to the western and central part of the former U.S.S.R, through Pakistan, Afghanistan and Kazakhstan (Dementiev & Gladkov, 1951; Meinertzhagen, 1954; Cramp & Simmons, 1980; Johnsgard, 1991) . In Xinjiang, China, it occurs on the fringe of Junggar Basin in Northern Xinjiang (Gao et al., 1994) . The houbara bustard is traditionally hunted by falconers throughout the wintering distribution range of the species, which is from Arabic countries to Uzbekistan, Turkmenistan and Kazakhstan.
Houbara populations have steadily declined in recent decades throughout their range (Cramp & Simmons, 1980; Collar, 1980; Alekseev, 1985; Mirza, 1985; Troshchenko, 1992) . This decline is thought to be due to the extension of agricultural land, overgrazing by domestic animals and hunting (Lavee, 1985 (Lavee, , 1988 Malik, 1985) . The relative importance of these factors has not yet been elucidated. Habitat loss is believed to be the most important reason, affecting the bird's population on its breeding and wintering grounds, and on its migration routes. In recent years, several studies have documented their summer habitat (Combreau & Smith, 1997) , winter habitat in United Arab Emirates Osborne et al., 1997) , seasonal changes in habitat in Saudi Arabia (Van Heezik & Seddon, 1999) . Despite this research, our knowledge of houbara bustard breeding habitats, especially display-site selection, as an important part of breeding habitat selection, in Xinjiang Province, China remains unknown. However, it is important to understand the breeding-habitat characteristics that determine suitability for the breeding houbara and their distribution in the landscape, because these habitat characteristics will influence the management and conservation of this species. As for the breeding male houbara, this suitability may be related to the availability of food and display site.
In Mori, Xinjiang Province of the People's Republic of China, the houbara bustard is a regular spring and summer visitor. Mori is an important breeding area for houbara (Gao et al., 1997) . They arrive from mid-April to late May, and depart from midSeptember to mid-October. In fact, Mori is not only an important breeding area, but also an important summering area for houbara. Breeding houbara make extensive use of the area (4417 0 N, 90155 0 E) in the north-eastern region of Mori in summer (Fig. 1 ). For this vulnerable species, detailed knowledge of display-sites selection is important, particularly when habitats are subject to loss over time that could affect their suitability. Identification of present display-sites conditions can be an essential part of effective management for this species. In Mori, breeding houbara do not occur everywhere in the study area. So it is necessary to define the main characteristics of its display site, in terms of vegetative species composition and vegetation structure, in order to develop management strategies for this vulnerable species. The purpose of this study was to quantify vegetation structure of display-sites selection patterns of the houbara bustard in order to describe its preferred habitat and determine as to how habitat factors influence display site selection. We examine three questions. (1) Does vegetation structure of display sites differ from vegetation structure in non-used areas? (2) What (if any) are the vegetative characteristics that influence the display site selection by houbara bustard? (3) What (if any) features of display sites contribute to avoidance of predators?
Study area
Fieldwork was conducted from April to June 2000 in Mori, Xinjiang Province, People's Republic of China. The studied area is a plateau with an average altitude of 800 m. Topography of the area is flat. Soil is predominantly clay and grave, and sand in the north. The climate is arid and cold (201C on average in July, and À151C on average in January). The mean annual rainfall is 150 mm, mostly falling in spring and winter. Although ephemeral pools may persist in alluvial wadis for several weeks following heavy rainfall, there is no permanent surface water in the area.
Various associations of sub-shrubs (Anabasis sp. and Artemisia sp.) dominated the vegetation in the core area. The vegetation is typically short (10-15 m) with scattered tall shrubs (50-80 cm), predominantly Salsola arbuscula and Ceratoides latens. These shrubs occasionally form dense patches up to 300 m in diameter. Ephemeral plants are abundant and common in early spring under the shrub patches. Here, ephemeral plants are some tiny annual herbs with very short life cycle. Depending on slushy water and rainfall in early spring, they shoot, flower and fruit in 35-50 days and finish their life cycle before dry-hot summer sets in. Vegetation cover is relatively dense and abundant in wadis and depressions.
Methods
During the breeding season from late April to June 2000, we located display sites by driving the car at a low speed (30 km h À1 ) and searched for displaying houbara by a telescope. Once located, the display site was searched carefully by foot. A location was classified as a possible display-site if four or more feces were found. The possible display sites were classified as display sites if houbara were found displaying again in one week. Those without displaying males were eliminated from further study (Hale et al., 1982) .
At all identified display-sites, a 10 m Â 10 m (100 m 2 ) sampling quadrat was established on the center of the site, and compared with a similar sized quadrat randomly located in the study area. We located random sites with the location of display sites. From each display site, we drove the car 500-700 m away in a randomly selected direction and stopped the car. A 10 m Â 10 m (100 m 2 ) sampling quadrat was established 30 m away from the car, called random site. Three small 1 m Â 1 m quadrats were randomly placed in each of the big quadrats (Young et al., 1991) .
Variables recorded in the 10 m Â 10 m quadrats were number of sub-shrubs, plant species richness (number of plant species), distance to the closest bushy patch, and vegetative cover. Among them, number of sub-shrubs in the 10 m Â 10 m quadrats were transformed in to sub-shrub density (individual plants per square metre). Vegetative cover was estimated on a scale where 0 ¼ 0-1%, 1 ¼ 2-4%, 2 ¼ 5-10%, 3 ¼ 11-25%, 4 ¼ 26-50%, 5 ¼ 451%. In the 1 m Â 1 m quadrats, annual herbs density (individual plants per square metre) was recorded.
Levene's test for equality of variances was used to test data. Data with nonhomogeneous variances were transformed before analysis using ln(x) and log(x) for the variables. Display-site characteristics were analysed in two steps. Firstly, two-tailed t-tests were used to determine if there were differences in vegetative characteristics between display and random sites. Secondly, in order to analyse vegetative characteristics of display sites, principal component analysis (PCA) was used for multivariate. For all analyses, we used Software Package of Social Statistics (SPSS for Windows 8?0) and considered p-values o0?05 (except where noted) to be significant.
Results

Vegetative characteristics at display sites of houbara bustard
We located 20 display and 20 random sites from June to July 2000. Due to the deficient data we recorded from a random site, only data collected from other 19 random sites were used for further analysis. 
Environmental factors that dominated the display sites selection of houbara bustard
The first four principal components met the criterion of eigenvalue 41 and together explained 82?7% of variance in display microhabitat ( Table 2 ). The first principal axis ordered sites by vegetative density and density of Plantago sp. The second principal axis ordered sites by plant species richness and bush species richness. The third principal axis arranged sites by distance to the closest bushy patch and the last principal axis arranged sites by vegetative cover score (Table 2) .
Discussion
Vegetative structure and species composition at display sites of houbara bustard
Displaying houbara bustard in eastern Junggar Basin typically utilized areas with open or scattered shrubby vegetation. Typically, vegetation in display sites utilized by males was dominated by xerophytic or halophytic plants. Such general habitat affinities are consistent with those described for the species elsewhere in its range (Cramp & Simmons, 1980; Mian, 1988) . Display sites of male houbara in Eastern Junggar Basin were not randomly distributed. The less vegetation covered areas were often used by males. The displaying male clearly prefers low covered areas (15-25%), low vegetative density and low plant abundance sites (Table 1) . Such vegetative cover is consistent with those described for the species elsewhere in its range (Goriup, 1983; Collins, 1984; Mian, 1986; Combreau & Smith, 1997; Van Heezik & Seddon, 1999) . However, it is reported that houbara appeared to prefer sites with a relatively high plant cover and high species abundance (Combreau & Smith, 1997; Launay et al., 1997; Osborne et al., 1997; Van Heezik & Seddon, 1999) . These studies were conducted in Middle East, and the general vegetative cover in these habitats is very low which may explain the contradiction between their observations and ours. Firstly, habitats in Middle East are very hot and dry, vegetation is very sparse and most of the areas are bare. Houbara may actively select areas with higher vegetation cover in order to get enough food and have safer roosting sites. In Eastern Junggar Basin, general vegetation cover is relatively high (15-45%), houbara appeared to select areas with lower vegetation cover, possibly to avoid potential predators. Secondly, although houbara appeared to select areas with relatively lower vegetation cover in eastern Junggar Basin, such vegetation cover at habitats in eastern Junggar Basin is consistent with those described for the species in Middle East range.
Habitat function of houbara bustards
Most of the display sites (90%) were chosen at the edges of dense and high bushy patches, which occur along wadis or depressions. Similarly, Combreau & Smith (1997) reported that introduced houbara concentrated their foraging at the edge of wadis and other well-vegetated areas, but they were rarely found in the dense vegetation. Such selection of habitat edges apparently is typical of houbara . In Saudi Arabia, Combreau & Smith (1997) reported that houbara utilized open sites for roosting on dark nights possibly in order to reduce encounters with foxes and other mammalian predators, which are primarily nocturnal and hunt in the cover of wadis and depressions. We analysed the display sites of houbara along four habitat components derived by a principal component analysis. The first display sites component represented their openness. The lower plant species richness characterized the second display sites component. The third component was interpreted as their avoidance predator and foraging requirement. The last display sites component considered represented their activity habit (Tables 1 and 2 ). Four hypotheses may explain this pattern of display site selection by houbara. These are: (1) low covered areas may be preferred during displaying for their openness. A high-stepping trot is an important part in their display and dense vegetation will restrict their trot. Furthermore, dense vegetation may conceal males from females' sight. (2) Lesscovered areas were used by males at night to avoid predation by foxes (Combreau & Smith, 1997) . In addition, houbara are ground-living birds, travelling several kilometers on foot each day . During the fieldwork, we found that the birds have very good eyesight. Once disturbed or frightened, they trot away quickly and cryptically. Thus, we assumed that houbara avoid dense vegetation, high vegetation cover and high bush areas, as these would restrict their activity and vision.
(3) Well-covered areas, especially S. arbuscula shrub patches, may be preferred during hot daytime for their shade value. It has been demonstrated by Combreau & Smith (1997) that houbara rested for long periods during the day, typically under the shade of Salsola sp. in Saudi Arabia. (4) Houbara may consume S. arbuscula preferentially. Salsola is frequently listed as an important food of houbara (Alekseev, 1985; Launay, 1989; Mian, 1988) . Combreau & Smith (1997) suggested that houbara selected habitat during summer for the water content of its forage, which is necessary for metabolic maintenance under the extreme heat and dryness of the area. We assumed that houbara may get necessary water by consuming succulent leaves of S. arbuscula. We have observed houbara foraging on leaves of S. arbuscula in the field.
